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ABSTRACT

A high rate of breakage in flashiamps destined for the Nova and
Novette laser system amplifiers has prompted an investigation into
the cause. Discussed herein is the possibility that electromagnetic
forces (resulting from large currents in these lamps) are bending
the anodes and cathodes and, thus, cracking the glass seals.
Specifically, the forces resuliting, from. these currents are
approximated without indicating whether or not these forces are
sufficient to break the seals. The results demonstrate that forces
upto .9 N/cm (.514 Ibs./in.) directed away from the reflector panel -
can be distributed galong. the anodes and cathodes. Also, the
scal loped nature of the panel provides good isolation between lamps;
the lamp—to—lamp forces are negliigibie. Time domain plots of the
forces are included os well as the computer program which was-
developed for this investigation.
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INTRODUCTION ,

The Nova and Novette amplifiers contain panels of flash lamps
which have shown a high rate of breakage in the glass stems
supporting the anodes and cathodes. The breaks appear most often as
cracks located on the sides closest to or farthest from the
reflector on which the lamps are mounted (henceforth called the
upper and lower sides). It has been suggested that these cracks are
caused by electromagnetic forces resulting from the large currents
in the lamps [(B. Carder, 1979]. Other possible causes are thermal

.stresses [D. Tuft, 19M] and fire checking [D. Priest, 1975].
This investigation examines the magnetic forces In a general way
using a snmpllfled model of the refeictor panel.

System Desér1p£ion.

A panel of flash lamps contains 40 lamps: two banks each
containg 4 parallel sets of © series—connected lamps. The reflector
is scalloped (see Figure 1) with high 11ps at its edges. A manifold
at each end of the reflector provides support for the lamps. Filgure
2 shows a typical Ilamp end. Figure 3 shows a sample current pulse
which has a peak current ‘of about 7KA occuring at .35ms in time.

"Any mechanical investigatlons into causes of these cracks should
take note that a ..35ms peak corresponds to roughly a 7159Hz resonant
frequency. According to Mark Kushner (personal communication) the

. current dfstributfon is nearly uniform in any cross section of the
plasma channel which forms within the lamp. Some computed current

distributions are given In Xenon Flashlamp Modeling: Arc Ezpansion
and Bore Filling [M. Kushner, 1983]. 1In addition, the radius of
the plasma channel carrying the current Is proportlonal to the
current until the current reaches a maxImum and then remains nearly
constant thereafter (Mark Kushner, personal tommunication). Due to
electrostatic forces, the plasma channel originates as close to the
reflector as posslble. i.e., at the bottom of the lamp.

Scope

In order to examine the electromagnetic forces involved, a
tractable mode! must be wused. Since only portions of the system
which are .good conductors interact significantly with the
electromagnetic fields all other parts, for example- the quartz
tubing, will be neglected. Also, only those conductors directly
exposed to the currents flowing in the |amps are included in any of
the models considered here. This narrows the models down to just
the anodes, cathodes, plasma channels, and the scalloped reflector.
Still, this simplified model is "beyond ~the scope of the desired

-1-



level of effort requested for this investigation.  However, by
modelling the plasma channels as current sources (no plasma phy5|cs
involved) and approximating the anodes and cathodes as short wires,
two tractable models can be examined.

The first model replaces the scalloped refiector with a planar
reflector. This model Is then a good model to Investigate any
vertical forces which occur. As a justification of this statement-
consider the four parts of Figure 4 : the scallopes are first
approximated by vanes, and ‘then.if these vanes were.large (part ¢)
each lamp would believe It was part of an infinite array of lamps of
alternatung direction above a planar reflector due to the theory of
images. Conversely, the scallops could be approximated by a rippled
reflector which again Is close to the pianar reflector. The only
diffence between these two -arguments Is that the latter allows time
delay between. lamps; the former requires all currents flow
simuitaneousiy and from the same end of the lamps. Thus the latter
argument Is actually more appropriate since the lamps are In series.
Though, it should be noted that the high lip at the edge of the
reflector effectively acts as mirror. to extend the panel in the

manner of the first argument.

The second model accounts for the 1isolatlion which should be
expected from the scalloped nature of the actual reflector. A two
dimensional model of the isolation can be constructed with a single
wedge. located between two |ine currents.. This model provides a good
basis for examining the interaction between lamps because the tip
and sloping sides of the wedge nicely approximate the peaks of the
scal loped reflector.



Planar Mcde!l of Reflector

. As discussed in the introduction the planar reflector is an
attractive model. The most straight forward approach is to use the
theory of images. The images occur symetrically about the plane of
reflection with a sign change for the current flowing parallel to
" the plane, see Figure 5.. -

.o

_ Channel Parameters

In developing a computer model it 1is 1imperative that the
effects of various parameters are determined. Thus a code was
written which required input describing the thickness and shape
(bent or straight, round or elliptical) of the plasma channel which
- carries the current. The Appendix discusses the [nput and output of
-this code for the wuser. An additional model allowed the channel to
grow In time until the maximum current was reached and then retained

that size.

For the moment consider Figures 7, 8, 9 which show the vertical
forces for the various placements of the Ilamps. The current
channels are assumed tc reside between the anode and cathode dipping
down toward the reflecter side of the tube. Each figure contains
four plots: a solid 1Itne representing the vertical forces as
modelled by a straight. thin channel; "+" 's, those modelled by a
bent, thin channel; "#*#" .'s, those modelled by a bent, thick channel
(elliptical cross—section such that the channe! fills most of the
bottom half of the tube, see Figure B); "#" 's, those modelled by a
bent, thick channel of simila~ cross—section, but as a function of
" the current flowing through it as described earlfer. Note that
three of the four models give quite similar results; only the
straight, thin channel is noticeably different. Because the thin
channel models are roughly seven times faster than the fat channel
models, the bent, thin channel mode! 1is the best to work with and
will be the model incorporated in the computer program included with

this report.

Height Dependence

Figure 10 combines the three previous figures to facilitate
observing height dependence in the vertical forces. Note how the
repulsive force increases as ithe lamps approach the refliector. This
dependence can be approximated by

fn1/fne = sinh(@nha/u)/sinh(@xh, /w) (6

e



" MODELS AND RESULTS

The magnetic flux density resulting from a current source of
time dependence of j(t) can be written as ' :

Bt,®) =~y /Mn [(c/R + 8/8t) j (+-R/c) ik (1)
where W Is the vector cross product '
V=3 | . B @

and B Is the "unit vector pointing from the source element to the
fleld point. J 1s the direction unit vector for the current
element. The parameter ¢ is the speed of Iight; u, , the free-space
permeabllity, : N

‘In order to examine the forces involved ]J(t) must be specified.
The difference of two exponentials can closely approximate the
actual current pulse shape and can also provide. for a wide range of -
pulse shapes (e.g., an impulse or a step function). The latter.
- characteristic allows simple tests for computer -models to verlfy
that they are correct. Specifically, J(t) was chosen to be

J(E) = Texp(-at)-exp(~gt) 1/[exp(-at,)-exp(~gt,)], £20 ()

where t_ Is the time at which the maximum value occurs and the ratio
(8/a) determines the ratio of the rise to fall times. Some special
cases of this current pulse are .

if a=0, B== then j(t)=step(t) o ' ' ()

If B/a=] then J(t)=t/t *exp(l~t/t,), +20 (5)

This second case, for tp =.3ms, is very close to the actual current
pulse. . .

As will be seen, the fields resulting from the current ‘In the
flash lamps are quasi-static. 'This is so because the dimensions
involved (typically all less than one meter) and the rise/fall times

(both are hundreds of microseconds) allow the flelds to reach an
‘unchanging’ level everywhere before the lamps™ currents change

much.



This approximation becomes exact when the Ilength of the tubes.
becomes very long and the channels are thin and straight. More
specifically, the vertical force at the end of a lamp arlslng from
an alternating, planar array of currents over a ground plane spaced
w apart (figure 11) is : :

FV.

Since F is. for .an infinite array of currents which are

sem(l— ln*unfte in fength, 'the = force s a poor approximation. -
However, the scaling as a function of -h is a reasonablie estimate
provided It is assumed that the difference between the forces Is a
constant. These estimates are given by a large, dark x in Figure 10
with the force for h=.0175 used as a base value.  (The constant.
I3N/m is ~ added to the base value before scaling and then subtracted

back out of the result.)

= uol-ah/én- I, (=107 (Uh2+n2e2) = ,Lola/w';schtanii/w) 7

Figure 12 shows the effects of dipping the channel In the
directfon fn which the forces try to push the plasma. A comparison
of this figure and previous ones shows that the straight, thin
channel is neariy the average of opposite dipping channels.

Forces on Reflector

The planar reflector also allows the forces on the reflector to
be estimated. The vertical force fis '

/®ix = - 12/%w csch(@nh/w) _ @

where h is the distance from the reflector to the thin, stralght
channels.  The parameter w is the spacing interval for the lamps. A
plot of these forces, Figure 13, shows the exponential dependence
when h/w [s smali. .In the flgure w=.03493 meters.

Lamp Delay

The horizontal force occuring cannot be accurately modelled by
the planar reflector because the peaks of the scal-ioped reflector
provide a certain level of .Isolation between Ilamps. This |Is
discussed more fully In the next sectfon, Wedge Approximation. 'With
this in mind, the planar reflector model can be used to establish an
absolute upper bound on the.forces. : _

Fugures 14, 15, 16 show the sldeways forces as modellied by the
planar reflector. In Figure 14 the delay times are Just the short . .
delays needed for the. currents to flow in series through a set of
lamps (typically less +than a few nanoseconds). '~ Note the small
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amplitudes and their small variations. These forces are down from
the vertical forces by nearly Sx10* (lamp separation Is roughly
30cm). As the delay increases to the point when all other lamps
_have nearly reached their maximum current flow, the forces increase
greatly to almost the level of the vertical forces (Fig. 15).
However, these forces are modelled without any Isolation. An
extreme of this delay model would be the forces on an endlamp; an
end lamp is essentially a lamp whose adjacent lamps to one side have
Infinite delay. Figure 16 shows these sideways forces which are
nearly the same as those in figure 15 until the maximum. Agaln,
these values are not representative of the physical situation at
hand because neither the Isolation nor the higher end scallop, which
- ‘effectively acts llke a 'ground plane to eliminate these large "last
lamp" forces, are included. .

Wedge Approximation

Because the reflector is scalloped and not planar there occur
reflections of flelds back toward each lamp. Also, fields must .
travel over the peaks to get to other lamps before forces can occur.
The sloping sides of a wedge is a second order approximation to the
scal loped shape (a vertical vane would be a first order
approximation which Is-a limiting case of the wedge). Though little
insight can be galned from examining the fields between two wedges
without great difficulty, a qualitative approach can provide much.

_ Conslider the situation of Figure 17. If the current is
centered the paths avallable for a field to propagate along and be
reflected back to the ‘lamp can be symmetrically imaged to obtailn
equally valld paths. This symmetric set of paths can not create any
vertical B fleld. Consequently, there are no sideways forces.
Indeed, this same observation could be made for the scalloped
reflector. Putting this another way, the only sideways forces are
from the adjacent Ilamps® currents provided the lamp of concern Is

" nearly centered in its trough. '

Isolation

Lamp .to lamp interactions are Impeded to a certain level by the
scal loped peaks which penetrate the regions between lamps. If the
height of the peaks were great enough the field from one lamp would
never get to the next. Conversely, If there were no peaks the field
- would not be impeded at all. However, the situation at hand iIs some

o



where in between and, thus; a planar reflector'is not. a gooa mode!l .
for isolatlion. . ' .

To accurately model the Isolatlon occurring both the helghtl&dd
shape of - the peaks need to be considered. A wedge is a good.
approximation. Figure 18 depicts the 'model and its parameters.h,

¥, and a. Since the forces are proportional to the magnetic flux . 

(call this field ® . eminating from current I;) only B needs to be
e§am1ned; The magnetic flux from K at X Is _ .

B (1) = -4, 1/Bru tan(p,/2) {(ah+mw)/ (12121} (9)

Note that when ¢,= 90° (i.e., h=0.0) then ™, has no vertical’

component and,  consequently, l?xlw gives no slideways forces.
Furthermore, the resulting force Ts in the opposite direction as the
total force when modelled by the planar reflector (and not accounted
for in- that model). This obsevation that, In addition. .to no
sideways forces, the vertical forces are. decreased Indicates that
the planar model provides an upper [Imit on the vertical forces.
Equation O can be wused to estimate the .isolation for any desired
values of h, a, g,. : : :



SUMMARY

Two tractable modeis have provided information on vertical and

. horizontal forces on the anodes and cathodes of the flash lamps.

The planar model, fncluding the computer code, provides an excellent

means of examining the vertical forces and, with some care, can be

used to establish bounds on the lateral forces. In addition, it has

provided a setting In which to examine the effects of lamp to
reflector distance, plasma channel radlus, and channel dip.

The wedge approximation has shown that the .peaks of the
scallops create a high level of isolatlon between lamps. Thus the
electromagnetic forces are almost entirely vertical. Furthermore,
these vertical forces can be as large as 90 N/m (.514 Ibs./In.) for

A peak currents.
Suggestions - .

The equations and code contained within this report can be used
to further Investligate  these electromagnetic forces. Two
significant applications would be: using the vertical forces from
the code as .a uniformly distributed ‘foad on the anodes/cathodes to
establish whether or not these forces are sufficient in magnitude
and close enough In resonance (.35ms peak corresponds to roughly
719Hz) to cause cracking; second, using the wedge approximation to
ldentify possible reflector shape modifications (raise/lower the
hetght. of the peak) to reduce these forces. .
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APPENDIX

Computer Code

The followin% table 1ists the avéllable 1ﬁput parameters and
thelr defaults he form of the input deck Is a namelist.

parameter default values definition
tpeak - .35e-3
ratlo 1.0001 p?a
tatart 0.0 time to start calculations
“tstop 1.0e-3 time to stop calculatlons
ntimes 50 - number of time points to compute at
xend - .237 positfon of lamp ends (.5 lamp length)
xdip .180 coordinate between which channel is -
o stralght
yspace 03483 famp spacing Interval '
zhght .0180 height from reflector to lamp’s center
dip .0057 depth of dip toward reflector
nieft -0 number of lamps to left of lamp
nright 0] number of lamps to the right
nsteps 80 number of integration iIntervals.
on each lamp
delayd(n) Q. effective distance before current

gets to lamp ’n’~— 3.eBm gives
a one second delay relative to
t=0.0 . »n=1 is fefthand lamp.

The following is a sample Tnput deck which generated the output
on the next page.

$ni01

zhght=.0125,

d1p=.0057,

nleft=3,nright=3,

delayd= -2.%4+,-1.96,-.98,0.0,.98,1.96,2.S4,
$endnlO1



- " The following is a sample output with the input parameters echoed back -
before any computations take place. .

$niol
tpeak = 3.5000000000000e—04,
ratio = 1.0001000000000e+00,
tstart = 0. .
tstop = °1.0000000000000e—-03,
"ntimes = 50, )
xend = 2.3700000000000e-01,
xdlp = 1.8000000000000e-01 ,
yspace = 3.4930000000000e-02, .
zhght = 1.2500000000000e-02,
dip = 5.6939999993993e-03,
nleft = 3,
aright = 3,
nsteps = 80, C :
delayd = :5.9400000000000e+00, -1.9600000000000e+00,
[, 7999999999990 01 , 0. ' ’
9.7399399999999%e-01 , 1.9500000000000e+00,
2.9400000000000e+00, a. ’
0. ' , 0 ’
0 ] 0 ’
0 , 0 ’
0 ' 0 '
0 Ty 0 ,
0 ’ 0 '
0 , 0 '
0 . 0 ’
0 . 0 ’
0 , 0 '
0 R 0 '

$end

lamps between +/— .2370000 (straight between +/- .1800000)
spaced by .0343300 ' )

at .0125000 above reflector and dipping down to .0068000

there are 7 lamps, 3 to the left and 3 to the right

the current pulse is a double exponential .
with t1/te= .100e+01 and 1ts maximum at t= .35000e-03 .

énode

rO=( .23700e+00, O. » -12500e-01)

dr0=( -.98058, 0.00000, -.19612)

time(seconds) force 1n x force In y force In z

0. 0. 0. 0. -
.20408e-04 -.81587e-08 MHH8e-11 .40793%e-07
.40816e—04 -.29041e-07 .82527e-11 . 14521 e—-06

-=7-
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6124 e-04 -.58149e~07 .10283e-10 .290+e~06
.81633e-04 -.91996e~07 11346e~-10 .45998e~-06
. 10204 e-03 -.12798e~-06 . 11662e~10 .B3960e-06
. 12245e-03 -.16393e~-06 .11429e~-10 .B81964e~06
. 14286e-03 -.19856e-06 .10802e-10 .9828Pe~06
. 16327e-03 -.23080e-06 .9903e-11 . 11540e~05
-18367¢-03 - .259%5e-06 .83313e-11 . 12998e-05
.20408e-03 - .28960e-06 .76611e-11 . 14280e-05
.2249e-03 -.3073e-06 LEH507e-11 . 1537705
.c4490e-03 -.3571e-06 S e-11 . 16286e-05
.26531e-03.. -.34018e-06 L0 1e-11 .17008e-05
.28571e-03 -.35110e-06 .29638e-11 . 1 75955e-05
.30612e~03 - .35868e-06 .19°88e-11 .17934e-05
. 3°653e~03 -.36318e-06 .97938e—-12 . 18159e-05
HE6G4e~-03 -, 3H187e-06 . 12083e-12 . 18243e-05
.36735e-03 -.36403e-086 -. 64484 e-12 .18201e-05
.38776e¢-03 -.36095e-06 -.13184e-11 . 18048e-05
.40816e-03 - . 355%Pe-06 -.19027e-11 . 17796e-05
42857e-03 -.34321e—-06 -.24017e-11 .1 MBle-05
.44898e-03 -.34107e-06 -.28208e-11 . 170%4e-05
46939e¢-03 -.33175e-06 -.31656e-11 . 16588e-05
.48980e-03 -.32146e-06 . -.F42le-11 . 16073e-05
.51020e-03 -.31041e-06 -.36567e-11 .15521e-05
.53061e-03 -.29879e-06 -.38154e-11 . 14839e-05
.55102e-03 -.c8675e-06 -.33245e-11 . 14337e-05
57143e-03 -.2443e-06 -, 3989%6e-11 . 13722e-05 -
- .59184e-03 -.26198e-06 ' -.40161le-11 . 13098e-05

.Bl224e-03 -.24950e-06 -.40093e-11 . 124975e-05.
.6365e-03 ~.2370%e-06 -.39739e-11 .11854e-05
.65306e-03 - .22482Pe—-06 -.39140e~-11 Jd1241e-05
B67347e-03 -~.21277e-06 -~.3833%e-11 . 10638e-05
.63388e-03 -~.20100e-06 ~.37%71e-11 .10050e-05
.71429e-03 -.18955e-06 -.36267e-11 SHTT7e-06
. 7346803 ~. 17847e-06 ~.2B057e—11 .89233e-06
.T3510e-03 ~-.16777e-06 ~.33766e~11 .83883e-06
T51e-03 ~.15MB8e-06 -.3416e-11 . 787™0e-06
. 7959203 ~. 14762e~06 ~.31027e~11 .73808e~06
.B1633e-03 -.13819¢-06 ~.29%616e~-11 .6809%6e-06
.83673e-03 ~.12921e~-06 ~.28197e-11 .B4603e~-06
B5714e-03 -. 12066e-06 ~-.26783e-11 .60331e~06
B7T5e-03 -.11255e-06 -.c53%84e~-11 5627 7e-06
.89796e-03 —.10488e-06 —.24010e-11 5243906
.91837e¢-03 -.97624e~-07 -.20666e~11 .4E812e-06
.93878e-03 -.90782e-07 -.21360e-11. 45391 e-06
.95918e-03 -.843H0e-07 -.200%e-11 .42170e-06

" .. 979098e-03 - . 78284 e-07 -.18876e-11 .29142e-06
.10000e-02 -.72600e-07 - 1 7T704%e-11 . 36300e-06

cathode

r0=( —.23700e+00, O. , .12500e~01)

dr0=( -.98058, 0.00000, .196512)
8-
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time(seconds)

‘force In x force iny force In 2
-.15811e-08 0. . .
.20407e-04 .81560e-08 4H23e-11 .40780e-07
40815e—-04 .29037e-07 .82522e-11 - . 14518e-06 -
.61223e-04 .58143e-07 .10289e-10 .29072e-06
.81631e-04 .91980e-07 .11346e-10 45995e-(06
.10204e-03 .12791e-06 .11661e-10 .63957e-06
. 12245e-03 .16332e-06 .11428e-10 = - .81961e-06
. 14286e-03 . 19856e-06 .10801e-10 .9927%e-06
. 16326e-03 .23080e-06 .989032e-11 .11540e-05
.18367¢-03 .25935e-06 .88311e-11 .12997e-05
.20408e-03 .28560e-06 .76609e-11 - . 14280e-05
.22448e-03 .307He-06 .64505e-11 .15377e-05
. .24490e-03 232571e-06 SMtle-11 . 16285e-05
.26530e-03 .34018e-06 L40740e-11 .17009e-05 |
.28571e-03 .35110e-06 .29B6%He-11 .1 7555e-05
.30612e-03 . 35868e-06 .19287e-11 " 17934e-05
.32653e-03 .36318e-06 .g7928e-12 .18158e-05
.3H6%He-03 . 36487e-06 . 12083e-12 . 18243e-05
.3B735e-03 . 36403e-06 -.B4492e-12 .18201e-05
.38775¢~-03 " . 36095e-06 ~.13185e-11 . 18048e-05
.40816e-03 .FRe-06 - -—.19028e-11 . 17796e-05
42857e-03 . . .34SRle-06 —-.24018e-11 A7461e-05
44898e-03 ) .34107e-06 . -.268208e-11 . 17054e-05
.46939e-03 .33175e-06 -.31656e-11 . 16588e-05
.48978¢-03 . 2147e-06 . < ~.FH42le-11 .16073e-05
.51020e-03 ".31042e-06© -.365657e-11 .15521e-05
.53061e-03 .29879e—06 -.38154e-11 . 14939e-05
.55102e-03 .286T5e-06 - —.33245e-11 . 14337e-05
57143e-03 L M4te-06 -.398%5e-11 . .13722e-05
.58184e-03 .£6198e-06 =.40161e-11 . 13098e-05
.61224e-03 .24950e-06 -.40083e~-11 JA475e-05
.63265e-03 .23709e-06 -, 39738e-11 .11854e-05
.65306e-03 .c2u82e-06 -.39140e-11 CJ11241e-05
B67347e-03 . .el@/mBe-06 -.38333e-11 .1063%e-05 -,
© .69388e-03 . .20100e-06 -.37371e-11 .10050e-05
- .71428e-03 ' . 18956e-06 —-.36268e-11 .4T778e-06 .
. T3468e-03 1 7847e-06 -.35057e-11 . .8923+e-06-
.75510e-03 : .16777e-06 =.3376e-11 =~ .83884e-06 -
.T7551e-03 . 15748e-06 -.32416e-11 .78M0e-06
.79592e-03 : . 14762e-06 -.31027e-11 .73810e-06
.81632e-03 : _ *.13819e-06 -.29616e-11 - .69097e-06
.83673e-03 . .12921e-06 -.28197e-11 .64604e—06
.85714e-03 : . 12066e—-06 —-.26783e-11 .60331e-06
87755e-03 . 11256e-06 -.25385e-11 .56278e-06
.89796e-03 .10488e-06 ~ -—.24010e-11 .52439e-06
.91837¢-03 .97625e-07 -.22066e-11 .48812e-06
.93877e-03 .90783e-07 - —.21360e-11 45391 e-06
.95918e—-03 - JB43Hle-07 -.20095e-11 .42170e-08
.97958e-03 : .78285e-07" -.18876e-11 .38142e-06
.10000e-02 , .72601e-07  -.17704e-11 .36300e-06
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program nova

# #
. # »n
# REN  BRE # B # RER B RE RN HAR
# o 2 P PR B VN B N
#ORNE BRE RERRR ¥ # # ## # HRRNY
# # # » » _ # 8 #= # #
# B # # R w # & #H # #n @
# AR wna awn # » #tn » #on  ann
" dimension simp(3),bfield(3),force(3,512),ftotal (512),t(512)
dimension delayd(30)
external Intgrnd
common /intgri/ sdelta,x0,y0,z0,n, time
common /path/ nleft nrlght xend, xdlp yspace, zhght zdip, delayd
common /source/ tl, ta peak,c
data pi,c/3. l‘+159865+ 2.997925e8/
data tpeak,ratio, tstark tstop,ntimes/.35e-3,1.0001,0.,.001,50/,
| xend,xdip,yspace,zhght,dlp/.237,.180, 03H93 .018, 006/
E nleft,nright,nsteps,delayd/2,2, 80 -1.96,- 98 g.,.98,1. QS 25*0./
c
call link("unttS=(1nput, open) un|£8-(ou£pu£ text, create)//")
c
¢ read In the system parameters
i namelist /nl01/ tpeak,ratio,tstart,tstop,ntimes,
1 xend,xdlp,yspace,zhght,dip,nleft, nrlght nsteps, delayd
read(5,nl01)
zdip=zhght-dip
ntotal=l+nleft+nright
nsteps=2*int(nsteps/2.)
sstart=0.
sstop=C.*xend
sdelta=(sstop-sstart)/float(nsteps)
c’ interpret tpeak,ratio into tl,t2,peak (le. normallze)

tl=tpeak*(ratio-1.)/alog(ratfio)

te=tl/ratio

peak=1./( exp(-tpeak/tl) — exp(- tpeak/ta) )
write(6,nl101)

write(6,201) xend,xdip,yspace,zhght,2dip,

1 (nlef£+nrlght+1) nleft,nright
write(6,301) ratio,tpeak

201 format(/// 1x,"lamps between +/-",f10. 7

1 (stralght between +/-",f10. 7 ), .
2  7x,"spaced by “,f10.7,/," at",f10. 7 “ above reflector”,

3 " and dipping down to".flO 7,/
4 1x,"there are ",i3," lamps," .|3 " to the left and "

-20-
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5 13," to the right" )
301 format( 1x,"the current pulse Is a double exponentnal“ /
1 Tx,"with t1/t2=",e11.3," and its maximum at L-“,ela 5)
_ inltlallze time points
do 10 loop=1,ntimes :
tCloop)=tstart+(loop-1. )*tstop/(ntnmes—l )
10 continue
choose fleld point on n=0 lamp
1d=" anode "
do 80 n0=1,2 )
. s0=(n0-1.)*2.%*xend
call rn(0,s0,delayn0,x0,y0,20,dx0,dy0,dz0)
write(6,202) id,x0,y0,20,dx0,dy0;dz0
202 format( //,3x,a8,/ 3x."r0-(“.e12 5",",el2.5,
l ".",ela 5 ||)n / 3x,"dr0"(" fB 5.“.“,f8 5 nou fB 5 n)u
e/ 3x."£lme(seconds)“ 9x.5x."force in x" Sx."force in y",
3 5x,"force in 2",/,3x,13("="),9%,3(5x,10("=")) )
do 40 loop=1,ntimes ) :
bfield(1)=0.
bfield(2)=0.
bfteld(3)=0.
time=t(loop)
, compute total b field from lamps
do 30 nn=1,ntotal
n=nn- l-nleft
. call simpson(intgrnd,sstart,sstop, nsteps simp)
bfleld(1)=bfleld(1)+simp(l)
bfield(2)=bfleld(2)+simp(2)
bfield(3)=bfleld(3)+simp(3)

20 contlnue '
' compute force from magneilc fleld on current

as ] x b

tt= tlme—(sO+deIayn0)/c .
temp=1.e~7 * ¢cn0(0,tt)
x—(dyO*bfleld(3) dzO*beeld(E))*temp
y=(dz0*bfield(1)-dxO*bfleld(3))*temp
z—(de*bfreId(E)—dyO*bfleld(l))*temp
force(l,loop)=x
force(2, loop)=y,
force(3,lo0p)=z. -
ftotal(loop)—sqrt(x*x + yky + z*z)
write(6,203) tt,.x,y,z :

203 format(elS 5,10x,3e15.5)

40 contlnue
1d="cathode "

80 continue

" call exit

end
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subroutine intgrnd(s,approx)

OD0DO0O0D0DOOOOOO0OO0000O0

. #
S # o . #”
BOHR RRE R B HNE B M »
# OB R OBR R RN RAR R AR
# # .2 2 R BR # w8 mn
®# # ® B anr # ®# wRr
# ¥ # o# # # # #a &
# OB R RE O wAR B B # wunn
® #
#an

computé the integrand of equatfon (1)
—— include the image due to the planar reflector —

dimension vn(3),approx(3),value(3)
common /intgrl/ sdelta,x0,y0,z0, ,n,time
data ¢/2.997325e8/
image=0
approx(1)=0.
approx(2)=0.
approx(3)=0.
call rn(n,s,delayn,xn yn zn,dx,dy,dz)
delay—(5+delayn)/c
1 x=x0-xn
y=y0-yn
z=20-2zn
value(1)=0.
value(2)=0.
value(3)=0.
r=sqrt(x*x + y*y + z%z7)
: compute the vector direction v
vn(l)=(y*dz-z*dy) :
vn(2)=(z*dx—x*dz)
vn(3)=(x*dy-y*dx)
lf(vn(l)*vn(l)+vn(2)*vn(8)+vn(3)*vn(3) eq.0.) goto 10
vn(l)=vn(l)/r
vn(2)=vn(2)/r
vn(3)=vn(3)/r
compute the remaining pari of the Integrand
tt=time~delay-r/c
temp= - cnO(n,tt)/(r*r) = cnlln,tt)/(c*r)
value(l)=vn(1)*temp
value(2)=vn(2) *temp
value(3)=vn(3)*temp
10 continue
approx(1)=approx(1l)+value(1)
approx(2)=approx(2)+value(2)
approx(3)=approx(3)+value(3)
20 tf(image.eq.1) return
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_ image=1

zZn=-zn
dx=—dx
dy=-dy
goto 1
end



DOO0OO0ODO0OOO0O0DO0OO0DOO00O0O0O0

subroutine rn(ﬁ,s,delayn.xn.yn.zn.dx.dy.dz)

#
# # . _

BRE . RRE HRE R R .
#E R B B R BN B #oan # Tt
# R OBER N O #R B # 2
LI I # P ,
# #x 8 B B B # # # ~
BRUE  BH B BHH# # # »
# - .
#

' this subrbullne defines the current channel

dimension delayd(30)
common /path/ nleft,nright,xend,xdip,yspace, zhght zdlp delayd
define path locatlon as function - of arc length s
xn=(-1,)**n *(xend-s)
yn=n*yspace
zn=zdlp
. define vector direction as d(rn)/ds
dx= = (=1.)%#q
dy=0.
dz=0.

delayn=delayd(l + n + nleft)
1f(zdip.eq.zhght) return
curve the ends up to zhght — - parabola - -
‘xx1=abs (xn)-xdip
1fixxl.le.0.) return
xx2=xend—-xdip .
zn=zn+(zhght~zdip)*
1 xx]®¥2/xx2%*2
dz=-2.*(zhght- zde)*xxl/xxE**E
dr=sqrt(dx*dx+dz*dz)
dx=dx/dr
dz=dz/dr
1f(s.gt.xend) dz=-dz
return
end . '
« [
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subroutine slmpson(f q0, qEn twon,simp)

c P =
S #
nan BEE HE R HR NER HER N AR
# R OR O HE R # wAn ¥
BEE R R R OER R HMR R N ¥
P T Y 3 s #a #
# 8 8 ® B wa2 wx rx sr »
BER BB BN BRER HER BRE ¥ #
#
#
integer twon
dimenslon simp(3),even(3),o0dd(3)
nml=twon/2.~1
qdelta=(q2n~q0)/float (twon)
¢ Include the two endpoints according to .simpson

call f(q0,even)
call f(q2n,o0dd)
simp(1)=even(l)+odd(1)
simp(2)=even(2)+o0dd (2)

simp(3)=even(3)+o0dd(3)
Include the center points according £o slmpson

.do 30 loopl=1,nml

qe=q0+2.*loopl*qdelta

qo=qe—qdelta

call f(qo,o0dd)

call f(qe,even)
stmp(l)=simp(1)+2.*even(1)+4.*0dd(1)
simp(2)=simp(2)+2.*even(2)+4. *odd (2)
simp(3)=simp(3)+2.*even(3)+4.*0dd(3)
continue - : T
A include the last odd indexed polnt (missed In loopl)
go=qe+qdeita . g .
call f(qo,o0dd)

simp(1)=(4%.*odd(1)+simp(1) )*qdelta/3.

simp(2)=(4.*odd(2)+simp(2) )*qdelta/3.

slmp (3)=(4. *odd(3)+51mp(3) )*qdelia/3.

return

end
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#

#* # # #

# # LR B . A A nun R N #un
RN # #uHr # # #* # K 2 . N

# # # # # # # # #» # » # REN
# # # # # " T # # # # # #
# # AR R # ¥ ® ¥ # # ®” # N #
# L2 B 2 4 #  wun #4 # RER H O # AR

define the current and Its time derivative
—— for lamp #n —-

- e¢n0=0.

function ¢cnO(n,t)
common /source/ tl,t2,peak,c
current. source time dependence

tt=t-0./c¢c

if(tt.1t.0.) return

cnO=peak* (exp (- tt/tl)-exp( tt/t2))
return

end

function cnl(n,t)
common /source/ ti,t2,peak,c
d by dt of current source tnme dependence
cnl=0.
tt=t-0./c
if(tt.1t.0.) return
cnl=-peak*(exp(-tt/t1)/t1 — exp( -tt/te)/t2)
return
end
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